Motivation
Multinational activity has increased significantly in recent years. German multinationals are no exception. Overall, German firms account for about 10% of world outward foreign direct investment (FDI) (Unctad, 2006) , and these investments have grown quite dynamically. Between 1989 and 2004 , the stock of German outward foreign direct investment has increased from 2 to 8% of the total domestic capital stock of German firms. 1 To assess the welfare implications of the increased stock of FDI, it is important to know whether foreign and domestic capital are complements or substitutes. Yet, while the labor market implications of increased FDI have received much attention in the political arena, in the media, and in academic research, there is relatively little empirical evidence on the link between the domestic capital stock and FDI. 2 In this paper, we argue that in order to assess the effects of FDI on the domestic capital stock, input-and output-market linkages among industries need to be considered. We use data at the industry level that allow us to consider different channels of interaction between the domestic and the foreign capital stock. In particular, they allow us to estimate the impact of input-and output market linkages on the relationship between domestic capital and FDI. We also distinguish intra-industry competition from inter-industry linkage effects.
We are not the first to analyze the link between FDI and domestic capital. There are two strands in the existing empirical literature that have investigated this link. A first strand of literature uses aggregated data. Feldstein (1995) finds a negative correlation between FDI and domestic investment using US data. He regresses domestic investment on domestic savings and on FDI, accounting for the endogeneity of FDI using instrumental variable (IV) techniques. Desai et al. (2005) replicate this study using more recent data from OECD-countries for the 1980s and 1990s. They also find a negative relationship in aggregated data but a positive relationship for multinational firms. Faeth (2006) also finds a positive relation using Australian balance of payments data. Using German balance of payments data, Lipponer (2006) finds no evidence for a negative impact of FDI on domestic investment. Herzer and Schrooten (2008) analyze the cointegration relationship between domestic capital formation and FDI outflows. They find a positive relationship for the US and a negative relationship for Germany. 1 Unless indicated otherwise, we use FDI to denote the stock of capital invested abroad. 2 In their survey of the home country effects of FDI, Barba Navaretti et al. (2004, Chapter 9) focus on the complementarity of domestic and foreign employment and on the effects of FDI on technology and productivity. Recent examples of studies on the effects of FDI on domestic labor markets are Becker, et al. (2005) or Ekholm and Hakkala (2008) .
A second strand of literature uses firm-level data. Desai et al. (2009) use information on the investment of US multinationals to link changes in different types of domestic activities of US multinationals to changes in the foreign activities of these firms. They find a positive impact of FDI: firms that invest abroad also tend to invest more in the home economy. Simpson (2008) investigates domestic and foreign investment of firms in the UK.
At least for the US, the link between domestic investment and FDI differs in the aggregated and in the firm-level data. From a theoretical point of view, there are several possible reasons for this. First, across different firms that invest abroad, the correlation between domestic and foreign investment need not be the same. Aggregation across firms might thus cloud different adjustment patterns at the firm level. Second, firm-level studies using matching techniques often disregard the general equilibrium effects of FDI for the investment of other firms. If some firms engage in FDI, other firms might be affected as well. Competition might become more intense; output and product market conditions for competitors, suppliers, and customers of firms engaging in FDI may change.
We follow an intermediate route by using semi-aggregated data at the industrylevel. We argue that in order to assess the impact of FDI on domestic investment, its impact on other, non-comparable firms in the same industry, on suppliers, and on customers of the firm under consideration need to be taken into account. Hence, intra-industry competition should be distinguished from inter-industry spill-over effects of FDI.
Using panel cointegration methods, we study the long-run linkages between FDI and the domestic capital stock for Germany. These methods have the advantage that they address the potential endogeneity of FDI. While our original data on FDI are at the firm level, we use data aggregated at the industry level for two reasons. First, we are interested in the links between FDI and the domestic capital stock. However, the firm-level database on German firms' FDI on which we draw does not provide information on the capital stock of the parents. Second, the original data allow tracing individual foreign affiliates only from the mid-1990s onwards. Hence, using the firm-level information would restrict the time series dimension of the data that we can study.
To the best of our knowledge, there are hardly any empirical papers studying the effects of FDI on domestic investment at the industry level. An exception is work by Pauly (2002, 2003) for Canada. They find no statistically significant link between outward FDI and domestic investment across all industries while inward FDI supplements domestic capital formation. However, their study does show a substantial degree of heterogeneity across industries and countries.
In Part 2, we discuss potential theoretical linkages between the domestic and the foreign capital stock distinguishing the effects of FDI in the same industry from FDI in input and output industries, as well as intra-industry competition and inter-industry linkage effects. In Part 3, we describe our data. In Part 4, we present the empirical analysis. We find evidence for a positive impact of outward FDI in the same industry on the domestic capital stock. To some extent, this effect includes the effects of input-and output-industry linkages as, on average, about 30% of inputs and outputs are traded within industries. Apart from that, we find no evidence of significant inter-industry linkage effects for domestic firms.
Linkages between FDI and Domestic Investment:
Theoretical Hypotheses
3
There are two main motivations that are typically considered driving foreign direct investment. One is to exploit lower production cost abroad, the other one is to access new markets. The first type of investment is called a vertical investment; the second type a horizontal investment.
In this section, we discuss a number of different channels through which these different types of FDI can influence domestic investment in a particular industry. For this purpose, we distinguish foreign direct investment originating from three different industries: (i) FDI that is carried out by firms in the industry under consideration, (ii) FDI by firms that deliver inputs to this industry, and (iii) FDI by firms who buy inputs from this industry. Hence, we consider home country effects of FDI through backward and forward linkages between different industries.
We further need to distinguish two types of firms, purely domestic enterprises (PDEs) and multinational enterprises (MNEs). Purely domestic enterprises are owned by domestic owners, produce locally and serve only the domestic output market. Multinational enterprises are owned by domestic owners and operate (produce and sell) both on the home market and abroad.
Consider first the effects of FDI carried out by firms in a certain industry. Suppose further that MNEs engage in vertical foreign investment driven by production cost considerations. Then, due to the complementary nature of home and foreign production, MNEs will expand their capital stock not only abroad, but also at home. Competitors of the MNEs who do not produce internationally are now at a competitive disadvantage vis a vis the MNEs on the home market because they produce at relatively higher cost now. As a consequence, they will tend to decrease their capital stock. Thus, while vertical FDI is consistent with increased domestic investment by multinationals, we expect lower domestic investment by purely domestic firms who do not benefit from lower production cost but suffer from the increased competitiveness of the multinational competitors.
The overall effect on the domestic capital stock depends on the competitiveness of the domestic market and on the market share of multinationals. The more competitive the market, the less likely is the overall effect to be positive, whereas the larger the share of the multinationals the more likely it is to be positive.
Suppose instead that MNEs engage in a horizontal investment that is driven by market seeking considerations. In this case, there is no reason to expect a negative impact on domestic competitors and hence no reason to expect a negative impact on domestic investment.
So far, we have considered the effects of FDI that is undertaken by firms competing on the same output market. We now turn to the case where foreign investment is done by firms from the input industry. If the motive is to seek access to new markets, then there is no reason to expect an impact on the industry under consideration. If, however, the investment is motivated by cost considerations and if these cost advantages are passed on to the input buyers, then they should have an incentive to increase their domestic investment.
Finally, we turn to the case when foreign investments are undertaken by firms buying inputs from the industry under consideration. If this FDI is motivated by lower input prices abroad and if the inputs are substitutes for the inputs produced in the industry under consideration, then these firms are losing out to competition from abroad and we should expect a negative impact on the domestic capital stock. If instead the inputs now bought abroad are complements or if the FDI in the output industry is motivated by market seeking considerations, firms in the industry under consideration experience an increase in demand and hence increase their domestic capital stock.
Our discussion suggests that the effects of FDI on the domestic capital stock in any particular industry depend on the motive that drives the foreign investment as well as on the industry from which this foreign investment originates.
In sum, our theoretical considerations lead to the following testable implications.
Hypothesis 1 Market-seeking (horizontal) investment tends to have a positive impact, and (vertical) investments motivated by production cost can have both, a positive or a negative impact. The positive effects of vertical FDI are more likely the lower the price elasticity of demand and the larger the share of multinational firms in this industry. 
The Data
To analyze the empirical validity of the above hypotheses, we need a dataset which provides industry-level information on the stock of FDI, on the domestic capital stock of domestic and foreign firms, on the number of multinationals and purely domestic firms, on input-output linkages across industries as well as on employment at the industry-level. 
Data on Foreign Direct Investment
Our industry-level data on stocks of inward and outward FDI are taken from the firm-level database MiDi (Micro database Direct Investment) provided by the Deutsche Bundesbank (L ipponer, 2008) . The MiDi-database is a full sample survey of German firms' foreign affiliates and of foreign firms' affiliates in Germany, and it contains comprehensive information on affiliates' balance sheets.
We aggregate the data using standard NACE industries which allow us to combine our FDI data with industry-level data obtained from the German Statistical Office. The original MiDi-database contains information on more than 100 industries, following NACE Rev. 1 categories, and these can be aggregated into 37 broader industries. We use only standard manufacturing and services industries. We drop industries such as agriculture, mining and quarrying, public institutions, or households. Out of the industries dropped, holding companies, which account for about 46% of total outward FDI, are particularly important. The final dataset includes 13 manufacturing and 9 services industries.
We create a dataset that contains the domestic capital stock and the stock of outward FDI of German firms. Over time, the Bundesbank has adjusted the minimum thresholds for reporting FDI investments. To avoid changes in our time series of outward FDI that are due to these changes in the reporting limits, we drop all observations that are not covered by the most restrictive reporting requirements (Table 1 ). The loss of observations is less severe for the total 4 Details on the data specification and sources are given in the appendix.
volume of activities as we drop the smaller units. The mean size of foreign affiliates increases moving from the full to the restricted sample by about 40%.
Empirically, we cannot directly distinguish between vertical and horizontal FDI, i.e. we cannot identify changes in foreign input prices or foreign output prices for each investment project. In order to capture the motives for FDI indirectly, we split the data in two ways. First, we split the data into multinational activity with high-income countries -for which horizontal FDI is likely to dominate -and with low-income countries and accession states -for which vertical FDI is likely to prevail. Second, we split the data into cases where the parent and affiliate are active in the same industry (as a proxy for horizontal FDI) and into cases where parent and affiliate are active in different industries (as a proxy for vertical FDI). This table compares the full sample with the sample from which the industries Agriculture, Education and health, General government, Holdings, International organizations, Mining and quarrying, Non-profit organizations serving households, Other, Other community and social services, Other service activities, Private households, Recreational activities, and Sewage and refuse disposal have been removed. In addition, stricter reporting requirements which were applied in later years of the sample period have been applied backward. MiDi-labels are given in parentheses.
Industry-Level Variables
The MiDi-database contains very little information on the parent firms. We therefore obtain industry-level information on the domestic capital stock per industry, employment, value added, and wages from the OECD's STAN database and from the German Statistical Office. 5 For employment and hourly wages, we use data from national accounts, which are compatible with International Labour Organization (ILO) standards.
Measuring Industry Linkages
Using industry-level input-output tables obtained from the German Statistical Office, we construct a year-specific weight of each industry in the inputs and outputs of other industries. These weights are used to split up FDI into FDI in industries providing inputs and industries buying the outputs of industry i.
We include not only FDI in industry i but also FDI of input and output industries denoting little over time, this approximation seems reasonable. The weights of inputs (outputs) received from (delivered to) the own industry are set equal to zero. On average, intra-industry input-output linkages account for about 30% of industries' inputs and outputs. Hence, for a large share of the total inputs and outputs, we cannot separate the within-industry competition effect from the linkage effect identified in our theoretical considerations.
Empirical Model and Regression Results

Empirical Model
The baseline empirical model that we estimate gives the response of the domestic capital stock owned by residents
K to the price of labor and the levels of employment, output, and the stock of outward FDI: for a similar specification using the demand for labor as the dependent variable.) All variables are in logs, thus the coefficients can be interpreted as elasticities.
Ideally, we would also include a proxy for the real interest rate. However, we are unaware of data that measures the interest rate at the industry-level. In the regressions using first differences, we include a full set of industry fixed effects (δ ′ ) through which we capture differences across industries such as differences in (real) interest rates.
Long-Run Determinants of the Domestic Capital Stock
When using the domestic capital stock as a dependent variable, the potential nonstationarity of the data becomes an issue. Our model is a fairly typical macropanel with a similar dimension of the cross-section N = 21 and the time series T = 13 (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) . Ignoring non-stationarity of the data may thus lead to spurious regressions.
Panel unit root tests provide evidence for outward FDI to be nonstationary (Table 2 ). For some other variables, the results are less clear cut and depend on the specific unit root test chosen. Moreover, panel unit root tests can be biased against finding evidence for unit roots if the cross-sections are cointegrated, i.e. if developments across industries are affected by a common trend (Banerjee et al., 2005) . Using the panel unit root test proposed in Breitung and Das (2005) , which accounts for cross-sectional dependence, provides in fact somewhat greater evidence for the presence of a unit root than tests assuming cross-sectional independence. We therefore proceed under the assumption that our main variables of interest are non-stationary. Im, Pesaran, and Shin (2003) , and Breitung and Das (2005) . Number of observations are for the tests by Levin, Lin, and Chu, and Im, Pesaran, and Shin. The Null-Hypothesis is that the series contains a unit root. The maximum lag length was set at 8 quarters, basing the automatic lag selection on the SIC criterion. Newey-West bandwidth selection uses a Bartlett kernel. All variables are in logs. *, **, *** = significant at the 10%, 5%, 1%-level.
Since our main interest is in the long-run effects of FDI on the domestic capital stock, we test for the presence of a long-run cointegration relationship among our variables of interest by estimating a cointegrated panel model (Breitung, 2005) . For a VAR(1) model, the cointegrated model has a Vector Error Correction Model (VECM) representation: Table 3 provides the results of cointegration tests. These results support the presence of cointegration relationships among the variables of interest. Some specifications for the domestic capital stock at the industry-level are exceptions. Yet, these specifications apply tests for panel cointegration which do not allow for cross-sectional heterogeneity. Kao (1997) and Pedroni (2001) for the regressions presented in Table 5 . The dependent variable is the domestic capital stock. The columns refer to the different specifications of the explanatory variables reported in Table 5 . Kao's (1997) tests DF ρ and DF t are based on the assumption of strong exogeneity of the regressors and errors; DF * ρ and DF * t are based on the assumption of endogeneity of regressors and errors. The H 0 hypothesis is 'no cointegration'. Pedroni's tests allow for heterogeneity in the cointegration relationships and are based on the H 0 of no cointegration as well. The regression equations include employment, wages, output, and inward or outward FDI. *, **, *** = significant at the 10%, 5%, 1%-level.
In Table 4 , we present estimates for the long-run cointegration coefficients using three different specifications: a fully modified OLS regression (FMOLS), see Pedroni (2000) , a dynamic OLS regression (DOLS), and the Two-Step estimator proposed in Breitung (2005) . Both, the FMOLS and the DOLS estimator, address serial correlation and endogeneity of the regressors. The FMOLS estimator corrects the OLS estimator non-parametrically, while the DOLS estimator uses information from past and future leads and lags of all variables. The Two-Step estimator proposed by Breitung (2005) performs a correction for endogeneity at the second stage as well (Breitung and Pesaran, 2008) . Moreover, Breitung (2005) shows that it creates a smaller estimation bias in small samples with N = 10 and T = 15 such as ours compared to the DOLS-and the FMOLS-estimator. We present two specifications: the baseline specifications (Table 5) as well as the specifications using FDI of input and output industries as additional explanatory variables (Table 6) . To save space, we report the latter only for the Two-Step estimator. Table 4 shows that our model explains about two thirds of the variation in the domestic capital stock across industries. Wages have a positive and significant effect on the domestic capital stock, as expected. The wage elasticities are estimated relatively consistently across the different specifications (around 0.40). The positive coefficient on wages indicates a substitution effect: Higher wages induce firms to use a more capital intensive production structure and thus increase the demand for capital at a given level of output. Moreover, the impact of output and employment on the domestic capital stock is positive, as it reflects a larger scale of activities. The stock of outward FDI has a positive effect on the domestic capital stock. However, the elasticities are small (0.04). As a control variable, we also estimate the effect of inward FDI, and it is positive. Pedroni (2000) , a dynamic OLS estimator (DOLS), and the Two-
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Step estimator proposed by Breitung (2005) . The dependent variable is the domestic capital stock. All estimates presented are for the years 1991-2003 and are based on a sample with N = 21 and T = 13. *, **, *** = significant at the 10%, 5%, 1% level.
Inter-Industry Linkage Effects
Next, we turn to the results on inter-industry linkages. Table 5 has the results including FDI of input and output industries. In addition to outward FDI of the same industry, we add outward FDI of input and output industries, The only inter-industry effect which has a consistent effect across specifications is that of outward FDI in input industries. This variable has a positive and significant effect, at least at the 5% level of significance.
7 This confirms our hypothesis that outward FDI, which makes input industries more competitive, has a positive spill-over effect. Again, we also include inward FDI as a control. We find that inward FDI in output sectors has a negative effect. This could be reflecting a competitive effect, lowering prices in the output market.
Horizontal versus Vertical FDI
Splitting inward and outward FDI along different dimensions (results not reported) provides no clear answer to the question whether market-access-driven or production-cost-driven FDI is behind these results. On the one hand, outward FDI into different industries (one proxy for vertical FDI) has a positive impact on the domestic capital stock. On the other hand, outward FDI into high-income countries (one proxy for horizontal FDI) has a positive effect as well. Given that both of our proxies of the types of FDI projects are somewhat ad hoc, this result is not necessarily in conflict with our theoretical priors. Breitung (2005) . The dependent variable is the domestic capital stock. All estimates presented are for the years 1991-2003 and are based on a sample with N = 21 and T = 13. *, **, *** = significant at the 10%, 5%, 1% level.
Effects of Industry Concentration
The positive effects of outward FDI on the domestic capital stock are more likely the lower the price elasticity of product demand is -and thus the lower the degree of competition. We measure the degree of competition using the industry-level Herfindahl index. Information on the Herfindahl index is obtained from the German Antitrust Commission, the Monopolkommission (2006) , for the year 2003 for 17 industries under study. We use the Herfindahl index to generate interaction terms between the explanatory variables and the sectors with a Herfindahl index above the median. Results are reported in Table 6 .
8 O u r expectation is that a higher degree of competition in an industry makes a positive response of the domestic capital stock less likely. We would thus expect a less positive or even negative response of domestic capital in industries with a Herfindahl below the median, and a more positive response in industries with a Herfindahl above the median. Yet, while the positive impact of employment and wages is confirmed, value added now becomes insignificant, and so do the interaction terms and FDI.
Effects of the Share of Multinationals
Prediction 1 also suggests that the number of multinational firms that are active in an industry affect the response of the domestic capital stock to FDI. The higher the share of multinationals, the more likely a positive response is. To test this prediction, we use the importance of multinational firms in an industry: the number of domestic headquarters of multinational firms. Results presented in Column (3) of Table 6 confirm our expectation: The effect of outward FDI on domestic capital is positive in industries with an above-average share of multinational firms.
To check whether our results are affected by including services and manufacturing firms, we also include interaction terms between our explanatory variables and services sectors. These regressions show that the positive impact of FDI on the domestic capital stock is driven by the manufacturing industries. The link is insignificant for services industries. While the elasticity between the capital stock and employment is similar for manufacturing and services, the positive of wages is driven by services; the positive effect of output is driven by manufacturing industries. The dependent variable is the log of the domestic capital stock. All explanatory variables are in logs. Unification is a dummy variable which is equal to 1 for the years 1991-1994. Fixed effect IV estimates with the one-period lagged values of log domestic capital stock, log employment, log real value added, and log FDI as instruments. Columns (2)-(4) report results using interaction terms for sectors with a Herfindahl index or an MNE share above the median and for servifces sectors. The MNE share is defined as the number of multinational enterprises per industry relative to number of domestic firms. *** (**, *) = significant at the 1% (5%, 10%) level.
Summary
What are the effects of the increasing activities of multinational firms on the home economy? Much of the earlier literature addressing the home-country effects of FDI stresses labor market implications, and some recent papers use firm-level data. The focus of this paper is on the long-run implications of FDI on the domestic capital stock and on the effects of FDI at the industry-level. Our approach also allows distinguishing intra-industry competition from inter-industry linkage effects.
The impact of FDI on domestic investment depends on the motive that drives the foreign investment as well as on the industry from which this foreign investment originates. Market-seeking investment tends to have a positive impact, investments motivated by production costs can have both a positive and a negative impact. In the latter case, the home-country effect of outward FDI is more likely to be positive the lower the price elasticity of demand and the larger the share of multinational firms in this industry. FDI in input industries tends to have a positive impact on the domestic capital stock whereas FDI in output industries can have a positive or a negative effect.
Our empirical results based on a detailed dataset on the stock of German inward and outward FDI can be summarized as follows: First, there are no indications that, in the long-run, the effect of FDI on the domestic capital stock may be negative. Instead, we find some evidence for a positive effect, which tends to be stronger the more multinational firms are active in an industry, as expected.
Second, FDI of other input and output industries has no significant impact on the domestic capital stock. When assessing the effects of FDI on the domestic capital stock, intra-industry effects thus dominate. Due to a high share of inputs and outputs that are traded within industries, this may be due to both, competition and linkage effects.
Third, understanding the long-run impact of FDI on domestic economic activity requires estimating the long-run (cointegration) parameters. This empirical model has the additional advantage that the long-run coefficient estimates are not biased by potential regressor endogeneity.
Overall, we show that the activities of multinationals affect the allocation of capital across industries. At the aggregated level, increasing activities of German firms abroad and of foreign firms in Germany have been associated with relatively stable patterns of capital stock and employment. Yet, at the industrylevel, differences are quite distinct. Industries that have invested more abroad have, in the longer run, also increased their domestic capital stock. 
